. Background. The Intention of the study was to examine determinants of plasma fibrinogen concentrations in Japanese men. Method. A cross-sectional study was conducted in 1991 among 995 male employees aged 40-59 years in two urban companies.
There is growing evidence from prospective studies in Europe and the US that a higher plasma fibrinogen concentration is associated with increased incidence and mortality from coronary heart disease.'" 6 Although there have been no prospective data from Japan, two cross-sectional studies 7 ' 8 indicated that plasma fibrinogen concentrations were higher in patients with coronary heart disease than in controls, and that the magnitude of coronary artery atherosclerosis was positively associated with plasma fibrinogen concentrations.
It is important to explore determinants of plasma fibrinogen concentrations, as their identification may aid efforts to prevent coronary heart disease. 9 " 24 Our previous cross-cultural study of 300 Japanese and Caucasians examined selected determinants, but did not extensively explore the relation of diet with plasma fibrinogen concentration, except for fish intake. 22 The study showed a weak inverse association between fish intake and plasma fibrinogen concentrations.
In the present study, we examined constitutional and lifestyle correlates of fibrinogen concentrations in a larger sample of urban Japanese men.
METHODS
The subjects were men aged 40-59 years who worked for two companies in Osaka (the second largest city in Japan). One company produced chains, and the other was a television and radio broadcasting company. The survey was conducted among 1011 men in 1991 (participation rate = 78%). Men using medication for liver disease (n = 16) were excluded and the remaining 995 men were included in the analysis.
Blood was drawn non-fasting from seated participants into a citrated, siliconized glass according to the protocol of the Atherosclerosis Risk in Communities (ARIC) study. 25 The plasma was separated and stored at -70°C for 2 weeks until measurement. Fibrinogen was measured by the clotting assay of Clauss 25 using reagents obtained from General Diagnostics (OrganonTechnika Co., Morris Plains, NJ) at the Osaka Medical Center for Cancer and Cardiovascular Diseases.
Serum blood lipids were measured by the Osaka Medical Center for Cancer and Cardiovascular Diseases. Total cholesterol was measured by an enzymatic method 27 and HDL cholesterol was measured after heparinmanganese precipitation using the LiebermannBurchard method. 28 The laboratory has been standardized by CDC-NHLBI Lipid Standardization Program (Center for Disease Control and Prevention, USA, Atlanta). 29 Height in stockinged feet and weight in light clothing were measured, and body mass index (BMI) was calculated as weight (kg)/height (m) 2 . Skinfold thicknesses of the right triceps and subscapular regions were measured using a standard caliper (Eiken Inc., Tokyo, Japan). Systolic and diastolic blood pressures were measured using a standard mercury sphygmomanometer on the right arm of seated participants after a 5-minute rest. Blood pressure technicians were trained according to American Heart Association methods.
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The first reading of blood pressure was used for the analysis. Hypertension was defined as systolic blood pressure of si60 mmHg, diastolic blood pressure of 5=95 mmHg, and/or current treatment with antihypertensive medication, while normotension was defined as systolic blood pressure of <140 mmHg and diastolic blood pressure of <90 mmHg and no antihypertensive medication. Men with blood pressures between these categories were classified as having borderline hypertension. Diabetes mellitus was defined as fasting blood glucose of s*140 mg/dl, and/or nonfasting blood glucose of 3s200 mg/dl, and/or taking medication. An interview was conducted to ascertain smoking status, the number of cigarettes smoked per day, usual ethanol intake, job, and participation in regular exercise. For assessing ethanol intake, an interviewer asked usual weekly intake of alcohol in units of go (a Japanese traditional unit of volume corresponding to 23 g ethanol), which was converted to grams of ethanol per day. One go is 180 ml of sake, and corresponds to one bottle (663 ml) of beer, two singles (75 ml) of whisky, two glasses (180 ml) of wine. Based upon job classifications, people who carry or lift heavy materials and/or use a shovel at work, were regarded as manual workers. 'Regular' exercise was defined as exercise once a week or more for 15 min or more.
Dietary intake was obtained by interview by two trained nutritionists using a food frequency questionnaire. Participants were asked the average frequency of a specified portion size of each food during the past month. There were five response categories; (1) rarely, (2) 1-2 times per week, (4) 3-5 times per week, (5) about once per day, (6) twice or more per day. These categories were transformed to servings per day, using weights of (1) respectively. The foods asked about by the questionnaire were meat, poultry, milk, eggs, rice, noodles, fish and sea foods such as squid, octopus, shrimp, fish, shellfish and seaweed. Fish were grouped into two categories: (1) dark-meat fish such as salmon, tuna, halibut, lake trout, mackerel, sardines, herring and bluefish, and (2) light-meat fish such as pike, cod, perch, haddock, trout, catfish, sole, snapper, flounder, swordfish and whitefish. The product of the average portion size and the frequency estimated the average daily intake of foods.
Mean plasma fibrinogen was compared by age groups and the difference among age groups was tested by analysis of variance. The relation of mean plasma fibrinogen with constitutional and lifestyle variables was examined using analysis of covariance controlling for age and smoking status. Adjustment of smoking status was done by using four indicator variables for former, current light (< 15 cigarettes per day), moderate (15-24) and heavy (s»25) smoking with reference to never-smokers. Continuous variables were categorized into quartiles based on the total sample distribution. Significant correlates detected by univariate analysis (P < 0.15) were included in linear regression models for multivariate adjustment of fibrinogen concentrations. All probability values for statistical tests were two-tailed.
RESULTS
Cardiovascular risk characteristics are shown in Table 1 . The overall mean value (standard deviation) of plasma fibrinogen concentration was 257 (57) mg/dl. Table 2 shows mean values of plasma fibrinogen according to age, cigarette smoking and diabetes mellitus. Mean plasma fibrinogen was higher in higher age groups. Fibrinogen concentration was high in current smokers, intermediate in ex-smokers and low in neversmokers. Among current smokers, there was a doseresponse relation between the number of cigarettes and fibrinogen concentrations. No significant difference in fibrinogen was found between men with and without diabetes mellitus. Table 3 indicates age-and smoking-adjusted mean values of plasma fibrinogen according to constitutional variables. Adjusted plasma fibrinogen was positively associated with serum total cholesterol, and inversely associated with HDL cholesterol and ethanol intake. Fibrinogen was not significantly associated with blood pressure levels, hypertension category, body mass index, skinfold thickness, manual work, or regular exercise.
Age-and smoking-adjusted mean values of fibrinogen are shown according to the intake of selected foods (Table 4) . Plasma fibrinogen was inversely associated with dietary intake of sea foods such as squid, octopus or shrimp, and the intake of rice and noodles. Although, not statistically significant, a similar inverse association was found for dark-meat fish. There was no association of fibrinogen with intake of milk, eggs, poultry, meat, vegetables or bread. from multiple linear regression models. The estimates of mean change in plasma fibrinogen associated with change of one standard deviation of continuous predictor variables were obtained. A 5-year increase in age was associated with a 6.7 mg/dl higher fibrinogen concentration. Former smoking, current moderate and heavy smoking had 12.8 mg/dl, 25.8 mg/dl and 37.0 mg/dl higher fibrinogen concentrations, respectively compared to never-smokers. A 0.95 mmol/1 greater serum total cholesterol was associated with a 9.0 mg/dl higher fibrinogen whereas a 0.33 mmol/1 greater HDLcholesterol was associated with a 3.6 mg/dl lower fibrinogen. An increase of 23 g/day ethanol intake was associated with a 3.8 mg/dl lower fibrinogen. An 80 g per week higher intake of sea food such as squid, octopus or shrimp was associated with a 3.9 mg/dl lower fibrinogen concentration. An inverse dietary intake of rice and noodles with fibrinogen did not reach statistical significance.
DISCUSSION
This study of middle-aged Japanese men showed positive associations, both univariately and multivariately, of plasma fibrinogen with age, cigarette smoking, and serum total cholesterol concentrations, and an inverse association with dietary intake of selected sea foods. Plasma fibrinogen increased with age, which is consistent with previous reports from Western countries. 5 ' 9 " 14 Fibrinogen was high in current smokers, intermediate in ex-smokers and low in never-smokers, as reported previously. 9 " 19 The difference in fibrinogen concentration between current smokers and ex-smokers in the present study was 13 mg/dl, which corresponds to prospective data showing that the cessation of cigarette smoking decreases fibrinogen concentration by 15 mg/dl." Furthermore, the present study showed a dose-response relation between the number of cigarettes smoked and fibrinogen concentration among current smokers, as shown by other studies. 3>5>10 " 14118 '
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A positive association of serum cholesterol with fibrinogen in this study is consistent with most previous reports.
3 ' 4 ' 12 -' 3tl9>20 We also observed an inverse association with HDL-cholesterol and plasma fibrinogen. The inverse association with HDL-cholesterol was reported by some studies 13 -20 - 21 , but not all. 19 -20 Usual alcohol intake was inversely associated with fibrinogen concentration in both univariate and multivariate analyses. The association reached statistical significance in the multivariate analysis, but not in the univariate stratified analysis which may have had lower statistical power. The linear regression analysis controlling only for age and smoking status also showed the significant association (P = 0.005). Our result is consistent with previous studies which showed a weak, but significant inverse association between fibrinogen and alcohol intake. 9 - 12 " 13 Prospective data from the Northwick Park Heart Study 17 indicated that a 10 g increase in daily ethanol consumption was associated with a 0.8% decrease in fibrinogen. Our respective value was a 0.6% decrease.
A unique component of the present study was the examination of the relation between diet and plasma fibrinogen. We found that an 80 g/week higher intake of squid, octopus or shrimp was associated with a 3.9 mg/dl lower fibrinogen concentration. Intake of dark-meat fish, however, did not correlate significantly with fibrinogen in the multivariate analysis. There have been several cross-sectional studies of the association between total fish intake and plasma fibrinogen. 12t22 " 24 Our previous cross-sectional study of rural Japanese and US Caucasians suggested an inverse association of plasma fibrinogen with fish intake. 22 A small study of 117 British men showed no association between fibrinogen and fish consumption. 23 A large crosssectional study of 8824 Scottish adults found a positive association between fibrinogen and the intake of lightmeat fish in men, but not in women. 12 Another large study, the ARIC study, indicated that a higher dietary intake of fish or n-3 polyunsaturated fatty acids was weakly but significantly associated with a lower fibrinogen concentration, 24 a one serving per day greater fish intake was related to a 2.9 mg/dl lower fibrinogen concentration. In spite of the inconsistency of crosssectional study results, a number of clinical studies, 31 " 36 but not all 37 " 40 indicated that supplemental fish or fish oils reduce plasma fibrinogen concentrations. An in vitro study using a hepatoma cell line (HEPG2) showed fish oil inhibited interleukin-6 inducible fibrinogen production, but sunflower oil did not. 41 Our observed inverse association of plasma fibrinogen with some types of sea foods seems plausible although this statistically significant association could be due to chance because of multiple comparisons involved in the diet-fibrinogen associations.
Several prospective studies have shown that fish intake is inversely associated with the incidence of coronary heart disease after adjusting for known coronary risk factors. 42 "* 4 Although these studies did not examine plasma fibrinogen, it seems plausible that a protective effect of fish intake may be in part due to reduced concentrations of plasma fibrinogen.
There are several limitations of this study. First, the study was cross-sectional, observed associations of constitutional and lifestyle variables with plasma fibrinogen do not necessarily imply causal relationships. Second, measurement errors of the dietary assessment may attenuate existing associations. It is noteworthy, however that significant dietary associations with fibrinogen were observed only for sea foods. Intakes of other major protein and lipid resources such as meat, eggs and milk, or intake of vegetables were not related to plasma fibrinogen. This lack of association was consistent with feeding trial results that showed no change in fibrinogen concentration from a cholesterollowering diet. 45 "
